Abstract. We review and analyze the recent development and future challenges facing entomology as a science in Ecuador, a country with limited fi nancial and human resources and numerous environmental problems. Taxonomic studies of the Ecuadorian insect fauna have been well developed for only a few groups (e.g. Papilionoidea, Carabidae) and remains in its infancy for most insect orders. This is due to the huge diversity of species living in a great diversity of habitats and the diffi culty to identify most species. There is a lack of published basic biological information and to a high rate of endemism of many groups, especially in the Andes. The development of ecological entomology as a formal discipline in Ecuador is a very recent phenomenon, and has been mostly limited to descriptive studies of the environmental factors that govern insect diversity and abundance. We outline a set of research challenges regarding the impact of global environmental changes on insect communities and habitats they live in and propose potential strategies for the development of entomology in Ecuador. Both basic and applied research will be important in this context as well as international collaboration to strengthen the role of entomological science in decision making processes in the country. A cela s'ajoutent un manque réel de données publiées sur la biologie de la plupart des espèces ainsi qu'un fort taux d'endémisme de plusieurs groupes, notamment dans la région andine. Le développement de l'écologie entomologique en tant que discipline en Equateur est un phénomène très récent principalement restreint à des études descriptives sur les facteurs environnementaux qui infl uencent la diversité et l'abondance des insectes. Nous présentons des thématiques de recherches d'enjeu pour les futures années, notamment en relation avec l'étude de l'impact des changements globaux sur les communautés d'insectes et leurs habitats et nous proposons des stratégies pratiques pour le développement de l'entomologie en Equateur. Dans ce contexte, le développement combiné de la recherche fondamentale et appliquée, si possible dans le cadre de collaborations internationales, permettra de renforcer le rôle de l'entomologie dans les processus de décision à l'échelle du pays.
, Álvaro Barragán (1) , Rafael E. Cárdenas (1) , Giovanni Onore T he Neotropical region has long been recognized as supporting one of the highest levels of biological diversity in the world. Insects are particularly abundant and species rich in many Neotropical ecosystems, yet the extent of this diversity, the factors that govern its distribution and the degree of degradation as a result of anthropogenic changes are still incompletely known. Th e wide diversity of habitats that Ecuador possesses in a small area makes it an ideal location for biodiversity, ecological and evolutionary research. Although the diversity of many groups (e.g. plants, birds and frogs) has been the focus of numerous publications, data on the entomological fauna in Ecuador are still very incomplete. In this paper, we aim to review and analyze recent developments and future challenges facing entomology as a science in Ecuador, a country with limited fi nancial and human resources and numerous environmental problems. It is not our goal to present a comprehensive review of every paper in entomology published on the Ecuadorian insect fauna, but rather to cite studies, especially those published by, or in collaboration with, Ecuadorian entomologists, that we have found especially important and revealing to illustrate the development of entomology as a science in Ecuador.
Ecuador's biogeographic zones
Th e tropical Andes span more than 1.5 million km² from western Venezuela to northern Chile and Argentina, and include large portions of Colombia, Ecuador, Peru, and Bolivia. Ecuador is located in the Northern part of the region, bordered by Peru in the south and southeast, Colombia in the north and northeast and the Pacifi c Ocean in the west. With an area of only 283.560 km², Ecuador is one of the smallest countries of South America. Th e great highs and lows of the Andes mountain range (fi g. 1), with its snowcapped peaks, steep slopes, deep canyons, and isolated valleys, have led to the evolution of an amazing diversity of ecosystems, habitats and thus, species diversifi cation (Hughes & Eastwood 2006; Chaves et al. 2007; Ribas et al. 2007 ). Recent studies demonstrate that Andes uplift was separated by relatively long periods of stability (tens of millions of years), and by rapid changes of 1.5 Km or more in relatively short periods of time (1 to 4 million years) (Garzione et al. 2008) . Th is allowed the creation of new climatic and environmental niches in relatively short periods of times, and the adaptation of organisms to those habitats for long periods of time. Th e large variety and range of climatic regimes found in Ecuador have a major eff ect on the range of vegetation types that defi ne biogeographic zones (see Cárdenas et al., this issue ). Ecuador's territory is usually divided into four main natural regions: the Amazonian lowlands, the Andes, the Pacifi c coastal lowlands and the Galápagos Islands (fi g. 1). We provide a short description of each region, which we think will guide the reader not only in this article, but also throughout the special issue. More details on the diff erent biogeographic zones can be found in Ron et al. (in press) .
Accounting for almost 40% of the total area of Ecuador, the Amazonian region gradually descends eastwards from the foothills of the Andes to altitudes of 200-400 m. Th e climate is tropical, humid and aseasonal. Monthly mean precipitation is approximately 2820 mm/ year with no month receiving less than 100 mm of rain (Valencia et al. 2004 ). Temperatures range from 22 °C (minima) to 32 °C (maxima). Th e absence of a prolonged dry season, together with warm temperatures throughout the year and a varied topography, make the region a hotspot of biodiversity (Myers et al. 2000) . Th e only biogeographic region of this zone is the evergreen lowland wet forest with a canopy mostly 15-30 m tall and emergent trees reaching 50 m (fi g. 2A).
Th e Ecuadorian Andes occupy the central third of Ecuador and are divided into two main cordilleras, western and eastern. Transverse mountain bridges interconnect these two cordilleras forming ten interAndean basins with at least 30 peaks of volcanic origin and 25 mountains above 4,500 m (Ron et al. in press) . Th e cordillera exhibit precipitous elevation gradients with a complex topography which creates a landscape with extreme climatic diff erences. Annual rainfall varies between less than 500 mm in the dry inter-Andean basins to above 6000 mm on the Eastern slope. Temperature varies as a function of elevation with small seasonal changes. Major biogeographic regions from East to West include Eastern foothill forest, Eastern montane forest (cloud forest), Páramo, Andean shrub, Western montane forest and Western foothill forest (fi gs. 2B, C, E).
On the Western slope of the Andes, the Pacifi c coast contains lowlands, river valleys, and a coastal cordillera with maximum elevations of 800-900 m. Natural ecosystems are dry scrub, deciduous forest, Chocó tropical forest, mangroves and Western montane forests at higher altitudes (mainly in Guayas and Esmeraldas provinces). Characterized as one of the wettest nonseasonal climates on Earth, the Chocó region is another of the top ten hotspots of biodiversity (Myers et al. 2000) , (fi g. 2F). Between the humid Chocoan forest and the dry Peruvian deserts, the dry coastal tropical forest is characterized by a North to South humidity gradient giving it a tremendous complexity of local climates and a great diversity of ecosystems (fi g. 2G).
Th e Galápagos Archipelago comprises 12 large and numerous smaller islands and exposed rocks that have a total area of about 8,000 km². All islands are oceanic and have never been connected to the continent by any sort of land bridge (Constant 2006) . Located in the Pacifi c Ocean approximately 1000 km west of the continent, the Galápagos have a remarkably seasonal climate, largely infl uenced by shifts in cool water masses originating from the South of Peru and warm water masses from the North (Kricher 2006) . Large islands have an altitudinal gradient of vegetation types from arid and transitional forests in the lower parts to moist forest and fern-sedge zones in the higher elevations (Grant 1999, fi g. 2H) . Th e volcanic origin of these islands, many of which still have highly active volcanoes, has resulted in celebrated levels of species diversifi cation and endemism (Kricher 2006) .
Taxonomy and distribution
Since the creation of the Invertebrate Section of the Museum of Zoology QCAZ of the Pontifi cal Catholic University of Ecuador (PUCE) in 1981 (see Barragán et al. this issue) , investigations on entomology have focused mainly on the taxonomy and the biology of specifi c groups of insects. As in many entomological museums, two taxonomic groups have been the focuses of interest by both local and foreign entomological taxonomists: Lepidoptera and Coleoptera. Note that few other extensive entomological studies have been performed in specifi c regions of Ecuador such as the work by Peck (2001) on orders of insects of the Galápagos Islands A database of Ecuadorian butterfl y diversity and distribution has been developed by K. Willmott from the Florida Museum of Natural History and J. Hall from the National Museum of Natural History (online access: http://www. butterfl iesofecuador.com). In addition to the information found on the "butterfl y of Ecuador website", four monographs have been published on Lepidoptera genera (Piñas & Manzano 1997) , Arctiidae (Piñas & Manzano 2003a) , Saturnidae (Piñas & Manzano 2003b) , Papilionidae (Bolino & Onore 2001) , and Sphingidae (Guevara et al. 2002) . Willmott & Hall (2008) estimate that Ecuador contains approximately 2700 species of Papilionoidea, about 50-55% of all Neotropical butterfl y species and 25% of the world's species, making it one of the world's three most diverse countries along with Colombia and Peru. Exhaustive butterfl y inventories in specifi c Ecuadorian regions over a single year, such as in the Amazonian forest with about 20,000 individuals collected (Checa 2006) , and in the Chocó where about 10,000 individuals were collected (Velasco 2008) , confi rmed the huge abundance and diversity of species, many of them being represented by only one or two individuals. Since 1993, a total of 168 species and 49 genera of butterfl ies from Ecuador have been described by various authors (see Willmott & Hall 2008 , for a complete list of references). About 200 species and 8 genera still require formal description. Even for a relatively well-studied group like Papilionoidea, one highly distinctive and four cryptic undescribed species have been recognized since 1998, all occurring in Andean habitats (Jasinski 1998; Willmott et al. 2001) . More poorly studied groups, such as the Lycaenidae, Riodinidae and Satyridae, are likely to contain even higher proportions of new or unrecognized species (Willmot & Hall 2008) suggesting that Ecuador remains a source of many discoveries for lepidopterists.
Regarding the Coleoptera of Ecuador, and particularly Carabidae, the most complete study is by P. Moret on the Carabidae of the Páramo in the Ecuadorian Andes (Moret 2005) . Th e Páramos are mountain ecosystems consisting of large areas of herbaceous plants and sclerophylous shrubs, above the tree line (3400-3600 m) and below the permanent snowline (4800-5000 m, fi g. 2B). Based on the direct examination of about 8500 individuals, Moret (2005) reviewed 16 genera and 204 species, of which 57 were new to science. Th e fl ightless condition of most (96%) high Andean Carabidae implies reduced dispersal ability and has led to a great number of geographically restricted species. Th e author considered a total of 191 species (94%) as micro -or meso-endemic to the Ecuador Andes. Th is rate of endemism is similar to that found in the Andes near Mérida, Venezuela (91%, Perrault 1994), although Ecuadorian Carabidae exhibit a higher diversity, both at specifi c and generic levels. Endemism rates are lower among the Alpine Carabidae of the Alps (60%, Brandmayr et al. 2003) and the Pyrenees (44%, Moret 2005) with a higher number of genera and fewer species in each genera.
Th ese detailed works on the Papilionoidea and Carabidae reveal three main characteristic of the Ecuadorian entomological fauna which can be generalized to most taxonomic groups throughout the country: 1) the huge diversity of species in a great diversity of habitats, 2) the diffi culty in identifi cation of most species, and 3) the lack of published basic biological information, partly due to the high rate of endemism of many groups especially in the Andes (Table 1) . For example, an exhaustive survey of stingless bees (Hymenoptera: Meliponinae) in 14 provinces of Ecuador by Coloma (1986) reported a total of 73 species, of which 13 were new species for science and 49 new records for Ecuador. Similarly, Ayala (1998) and Battiston & Picciau (2008) reported a total of 69 species of mantids (Mantodea) of which 10 were new to science. Th e high rate of endemism for many groups such as Coleoptera, especially in the Andean region, also complicates the work of taxonomists. For example, the Ecuadorian tiger beetle fauna (Coleoptera: Cicindelidae) contains 12 genera and 74 species, of which 26.0% are endemic (Nuñez et al. 1994; Pearson et al. 1999) . Th is is the highest percent of endemism among all Andean countries (Nuñez et al. 1994) . Similarly, 173 species of Dynastinae beetles (Coleoptera: Scarabeidae) have been reported in Ecuador, of which 35 are endemic, mainly from the genus Cyclocephala (Ortiz 1997) . Finally, of the 283 species of Ecuadorian Rutelinae beetles, 26.8% are endemic (Paucar 1998; Smith 2003) . Th e high rates of endemism observed for many insect groups (Table 1) represent a challenging issue for insect taxonomists not only in Ecuador but also in neighboring countries.
Agricultural entomology
Th e development of entomology as a scientifi c (Molineros et al. 1992; Feican et al. 1999) , white fl y (Peralta 1993) , potato weevil (Gallegos et al. 1997) , potato tuber moths (Pollet et al. 2003) or on the development of agroindustrial projects such as cultivation of purple African nightshade (Solanum marginatum, Moya 1985) or African palm (Elaeis guinensis, Martinez 1991) . If diversity is a main feature of the entomological fauna in natural habitats, this is also true for cultivated landscapes (fi g. 2D). For example, Onore & Arregui (1989) identifi ed 27 insect pest species associated with Lupinus mutabilis, a species of lupine grown in the Andes for its edible bean. Of the 27 species, 13 were Lepidoptera (e.g. the noctuids Copitarsia sp., Agrostris sp., Autoplusia sp.) whose larvae feed on lupine leaves and seeds. Another major Andean crop, quinoa (Chenopodium quinoa), is attacked by at least 18 pest species, mainly lepidopteran Noctuidae (Copitarsia sp., Agrostris sp.) (Fiallos 1989) . Balsa (Ochroma pyramidale), a large fast-growing tree that can grow up to 30 m, has 68 insect pests including 60 species of Lepidoptera, mainly Arctiidae and Saturniidae (Barragán 1997) . Finally, sixteen defoliator species are associated with the UICN red-listed Podocarpus oleifolius (Podocarpaceae) of which 12 belong to the Geometridae (e.g. Anisodes atrimacula, Sabulodes boliviana) (Salazar 1998) .
Th e origin and the implications of such pest diversity for agro-ecosystem productivity are virtually unknown. Whereas inter-specifi c competition may be a key factor limiting insect diversity and abundance on the same host plant, mutualistic mechanisms (such as resource partitioning, sequential attack of the host plant) can promote coexistence among species. For example, in a study on the lepidoteran larva community on Podocarpus, Salazar (1998) showed that some species are specialized on the apex of the needle-like leaves whereas others feed on edges or stems. Similarly, Mazoyer (2007) showed the existence of facilitation mechanisms among pairs of potato moth species (Gelechiidae). Some species increased their feeding rate and survival when the tuber had been fi rst infested by another species. Insect diversity and abundance can also be shaped by predator communities; however the high diversity of insect predators in Ecuador makes this a complex issue. For example, Martinez (1991) reported that more than 50 species of parasitoids, mainly hymenopteran Chalcididae and Eulophidae and dipteran Tachinidae, were associated with 44 species of defoliators, mainly Limacodidae and Brassolidae Lepidopterans, in African palm (Elaeis guinensis) crops.
Ecological entomology
Because the complex patterns of uplift of the Andean cordillera and oceanic islands, a large number of speciation events took place in Ecuador. Th is makes this country not only a productive place for studies on insect taxonomy, but also on insect ecology, evolution, or biogeography (Peck 2001; Moret 2005; Jiggins et al. 2006) . Th is unique environmental and evolutionary history has attracted a long list of explorers and naturalists such as Darwin, von Humboldt and Whymper who have played an important role in fostering an interest in South American natural history and evolution of insects (Barragán et al. this issue) . Despite the biological diversity of Ecuador and the scientifi c interest it has generated in the past, the development of ecological entomology as a formal discipline in Ecuador is a very recent phenomenon. It has been mostly limited to descriptive studies on environmental factors that govern insect diversity and abundance in diff erent types of natural habitats. Examples include the study of seasonality and stratifi cation of butterfl y and locust communities (DeVries et al. 1997; Amédégnato 2003; Checa 2006; Velasco 2008) , the microdistribution of vector and pest insects (Suarez 2008; or the altitudinal distribution of insect species (Brehm et al. 2003a (Brehm et al. , 2003b Jacobsen 2004; Hilt & Fiedler 2006; Cárdenas 2007; Fiedler et al. 2008) .
Th e succession of plant and animal communities along altitudinal gradients has been of major interest for ecologists, especially in temperate regions (Berner et al. 2004; Hodkinson 2005) . More recently, a growing number of studies have investigated the diversity of insect assemblages along altitudinal gradients in species-rich tropical regions (Brühl et al. 1999; Axmacher et al. 2004) , including Ecuador for several groups such as moths (Geometridae: Hilt & Fiedler 2006 , Gelechiidae: Dangles et al. 2008 ) Dipteran Tabanidae (Cárdenas 2007) , and aquatic insects (Jacobsen 2004) . Th e works by Jacobsen on streams and rivers (fi g. 2E) represent the most complete study ever realized in the country on the ecological and physiological factors that govern distribution patterns of insects along altitudinal gradients (Jacobsen et al. 1997; Jacobsen 1998; Jacobsen et al. 2003; Jacobsen 2008a) . A combination of empirical and experimental studies has shown that distribution patterns correspond to the respiratory physiology of individual species in relation to the temperature and oxygen regime of the environment (Jacobsen & Brodersen 2008) . Both temperature and oxygen saturation of stream water decrease with altitude. Th ese two factors are highly correlated to the decrease in diversity of macroinvertebrates with altitude in Ecuadorian streams (Jacobsen 2008b ). In addition, Rostgaard & Jacobsen (2005) showed that oxygen availability in streams is expected to decrease more with altitude than respiratory oxygen demand by macroinvertebrates, potentially aff ecting the composition of communities in streams at very high altitudes (Jacobsen et al. 2003 ). Orography of Ecuador should foster more studies on insect response to the changing environments experienced along altitudinal gradients, especially with regard to the growing awareness that these responses may serve as analogues for climate warming eff ects at a particular altitude over time.
Future challenges: Ecuadorian entomology in a changing world
Habitat fragmentation Ecuadorian civilizations, as well as the great exploitation (Valencia et al. 2004 Habitat fragmentation process implies habitat loss but also change in habitat confi guration (Farhig 2003) . While habitat loss has large, consistent negative eff ects on insect communities, habitat fragmentation per se has a much weaker eff ect, and may be negative but also often positive (Grez et al. 2004) . In Ecuador, it has been shown that spatial scale aff ects signifi cantly the response of insect communities to habitat fragmentation (e.g. Tylianakis et al. 2006 for cavitynesting Hymenopterans on the Pacifi c Coast; Velasco 2008 for butterfl y communities in the Chocó). Th e temporal component (time elapsed after disturbance) is also a crucial issue of habitat fragmentation (e.g. Abedrabbo 1988; Carpio et al. this issue) . For example, Abredrabbo (1988) found a relatively fast recovery of terrestrial invertebrate fauna only 2 years after brush fi res on Isabela Island, Galápagos. Th e rapid recolonization was facilitated by the presence of un-impacted isolated areas where the arthropod fauna was not altered. More studies separating the eff ect of habitat loss and fragmentation on insect communities, for example through manipulative experiments, are therefore urgently needed in Ecuador. Entomologists could also make good use of classical theories in community and population ecology such as the theory of island biogeography (McArthur & Wilson 1967) , metapopulation dynamics (Levins 1969 ) and metacommunity dynamics (Holyoak et al. 2005) to predict the complex consequences of habitat fragmentation on the entomological fauna of Ecuador.
Climate change
Potential impact of climate change on the Ecuadorian fauna has been poorly explored and has been restricted to only a few groups such as Amphibians (Pounds et al. 2006; Ron et al. in press) or plants (DeVries 2006) . Obviously, as is the case for all ectothermic organisms whose development time is temperature-dependent, insects are expected to respond strongly to changes in climate regimes, but this response may greatly diff er depending on the region considered . On the one hand, warming in the tropical Amazonian forest, although relatively small in magnitude, may have deleterious consequences because tropical insects are relatively sensitive to temperature change and may be living very close to their optimal temperature . On the other hand, eff ect of climate change on insect populations in the Andes is expected to be greater than in lowlands, refl ecting the prediction of much larger proportional temperature rises in these areas (Hodkinson 2005) . Warmer temperatures may aff ect population dynamics of some insect species (mainly agricultural pests), but also their altitudinal distribution. One of the few documented case in Ecuador is a study on the altitudinal distribution of the genus Sphaenognathus (Coleoptera: Lucanidae) (Onore & Bartolozzi 2008) . Desiccated feces of lucanid larva were present in the soil at altitudes about 200 m lower than the lowest living populations of larvae at the time of their collections. Th is suggests an upward shift of these insects in the last 15-25 years. More studies on the impact of climate change on insects are defi nitely needed in Ecuador, especially because the small diff erences in elevation or vegetative cover over the country can create strong microclimatic diff erentials over short distances and allow development of persistent microclimatic refuges for insect populations to develop (see .
Invasive species
Although Andean countries have recognized the problems associated with invasive insect species for several years (Ojasti 2001) , a comprehensive approach to this issue is still to be developed, especially in Ecuador. Globalization with expanding trade and increased human movement is likely to increase the risk of invasive insect species in South America. In the Andean region, commercial exchanges at regional and local scales have been the main causes for the rapid expansion of the potato tuber moth Tecia solanivora, (Lepidoptera: Gelechiidae), an exotic pest originating from Guatemala. Th is pest now represents one of the most serious agricultural pest problems in Ecuador (Puillandre et al. 2008) . In the Galápagos Islands, a oneyear survey of arthropod communities associated with agricultural areas on the Santa Cruz Island collected 160 species, of which 76 were introduced (e.g. the pyralid Diaphania hyalinata, Oquendo 2002) .
Insect invasions can also spread and become established largely unnoticed as ''tramp'' species associated with human displacements. In a study of the drosophilid fl y communities (Diptera: Drosophilidae) in Yasuni National park in the Amazonian rainforest, 7 of the 34 drosophilid species collected in habitats with various degrees of disturbance were exotic (Acurio et al., pers. com.) . A single study on Santa Cruz, Galápagos Islands, identifi ed 17 ant species, of which only four were endemic and nearly all the rest were well-known tramp species (Clark et al. 1982) . New exotic host plants can also have indirect consequences for the native herbivorous insect fauna. Since its introduction in Ecuador in 1905, the Monterey pine (Pinus radiata) originating from California as well as the Mexican weeping pine Pinus patula, have been planted as large plantations (Woolfson 1987) . Th e measuring worm (Leuculopsis parvistrigata, Lepidoptera: Geometridae), previously attacking Hypericum laricifolium and Lupinus mutabilis, was reported for the fi rst time in 1980 attacking pine trees in Ecuador. Both direct and indirect consequences of invasion events for the structure and function of insect communities and the ecosystems they live in will be growing fi eld of research for Ecuadorian entomologists.
Strategies for development of entomology in Ecuador
Priority research areas To foster the development of entomology in Ecuador in the short term, it will be essential to support basic research while highlighting applied and demanddriven studies. We focus on three potential priority research areas although we are aware that many others could also be equally important.
Fostering the utility of entomological collections. Th e collection of the QCAZ contains more than 2 million specimens belonging to at least 30,000 taxa (see Donoso et al. this issue) . In addition to taxonomic studies, it is important to diversify the use of this material towards other disciplines such as genomics and phylogenetics, morphology and development, population genetics, evolutionary ecology, conservation biology or even more distant fi elds such as pharmacology or biomimetics. Another key challenge will be to increase the availability of taxonomic and biological data on these species combined with detailed environmental data (e.g. Babin-Fenske et al. 2008; Foley et al. 2008) . Th is could be achieved through digitizing the collection and the creation of databases available over the Internet. Th is will facilitate connections with foreign entomological collections and researchers. An eff ective collaboration of Ecuadorian entomological collections would signifi cantly enhance their utility for international research programs and in return allow defi nition of new sampling strategies with regards to taxonomic groups and locations (see Graham et al. 2004) . Th is process is currently underway but will demand continuous resources to be fully realized.
Insect diversity for ecosystem functioning. Decline of global insect diversity has recently focused attention on the implications of species losses for the maintenance of ecosystem functioning (Jonsson et al. 2002; Hoehn et al. 2008) . In Ecuador, the functional relevance of the huge diversity of insects is virtually unknown. Functional diversity has been suggested to be the most important component of diversity (e.g. Tilman et al. 1997; Hulot et al. 2000) and a common approach to test the eff ects of biodiversity on ecosystem functioning is an experimental manipulation of functional guild diversity. Th is could be performed in Ecuador for a wide variety of groups and ecosystem processes such as butterfl ies and bees involved in pollination process or dung beetles and ants implicated in decomposition and nutrient cycling. Understanding the relationships between insect diversity and ecosystem functioning is crucial not only to predict the impact of the ongoing loss of Ecuadorian insects species but also to develop strategies to accelerate ecosystem restoration.
Entomology and the well-being of local people. Insects, such as agricultural pests or vectors of diseases, also put severe pressure on the well-being of millions of people in Ecuador. Both agricultural and medical entomology should be prioritized. Th e study of the entomological fauna of agro-ecosystems is particularly relevant in Ecuador where national parks and private biosphere reserves currently protect only about 20% of the land area, while cultivated area occupy almost half of the country (ECOLAP 2007, fi g. 2D). Moreover, although a large proportion of Ecuadorian people is under the risk of insect-borne diseases such as Chagas' disease (30,000 persons), malaria (up to 12,000 persons during epidemic phases), onchocerciasis (up to 1,200 persons during epidemic phases), or dengue (up to 23,000 persons during epidemic phases) medical entomology in Ecuador is still in its infancy. Our knowledge is limited to a handful of studies on few taxa: Rhodnius spp. (Hemiptera: Reduviidae, Aguilar et al. 1999; Abad-Franch et al. 2005; Suarez 2008) , Anopheles spp. (Diptera: Culicidae, Birnberg 2008) and Simulium spp. (Diptera: Simuliidae, Vieira et al. 2007) . Th e development of national investigations for both areas of research (agronomic and medical entomology) is of major concern because many strategies for insect pest and insect vector management developed in other South American countries are not practical in Ecuador.
Increasing funding directed towards the study of insects
At present, limited national funding is one of the major obstacles to the development of entomology, as well as other life science disciplines in Ecuador. To increase the interest of policy makers for entomological studies, one possible approach is to enhance the awareness of the importance of the link between ecosystem health and human well-being, expressed in the context of ecological services. In this context, there is a vast diversity of insects involved in complex interactions that allow natural systems to provide ecological services on which humans depend (Losey & Vaughan 2006) . Decomposition of organic matter, pest control, pollination, and food resource for wildlife are among the major processes accomplished by insects, allowing the global functioning of both natural and cultivated ecosystems (Samways 2005) . In Ecuador, as well as in many parts of the world, these service-providing insects are under increasing threat from a combination of factors, including habitat destruction, invasion of foreign species, and overuse of toxic chemicals. Once the benefi ts of insect-provided services are realized, we hope to realize increased funding directed toward the study of insects and the vital services they provide so that conservation eff orts can be optimized (Losey & Vaughan 2006) .
Establishing monitoring networks
Monitoring is a fundamental part of environmental science and long-term data are particularly crucial for documenting key issues such as the spread of exotic species or the impact of climate change (Lovett et al. 2007) . Monitoring networks also provide fundamental feedback for strengthening management and conservation programs and opportunities for increasing education and awareness (Martinez et al. 2006) . In this context, insects have proven to be remarkable ecological sentinels for environmental changes in a wide range of tropical ecosystems such as forests (Basset et al. 2004) , mountains (Moret 2005; or rivers (Jacobsen 1998 (Myster 2007) could also focus on the study of insect assemblages (Bashford et al. 2001) . Another example is the Global Observation Initiative in Alpine environments (GLORIA, http:// www.gloria.ac.at) whose purpose is to establish and maintain world-wide long-term observation networks in Alpine environments. Several sites have already been established in the Andes (Peru, Colombia, and Bolivia). Some of these include insect community monitoring. Th e Entomology Department of PUCE is currently involved in the establishment of a GLORIA site in Ecuador (Yanacocha Reserve, Province of Pichincha, Ecuador). Insect monitoring networks would also be a necessary tool for the surveillance of the dynamics of vector insects, e.g. Reduviidae (Abad-Franch et al. 2001) and agricultural pests, e.g. potato moth .
Strengthening training and collaborations
Another important endeavor for the development of entomology in Ecuador will be to increase the small pool of trained entomologists. Th e lack of solid graduate programs in entomology and limited job opportunities push young professionals abroad, creating a serious "brain-drain" problem in the country. Eff orts to develop local and regional entomological science should focus on retaining these valuable scientists, while continuing to foster international collaboration (see Martinez et al. 2006) . To achieve this goal, it would be necessary to reduce the limitations that the bureaucracy of obtaining research and collection permits from the Ministry puts on researchers. Th is actually disencourages many potential work and collaborations, with both national and foreigner scientists. Any type of partnerships with foreign countries should be strengthened and promoted not only to provide unavailable expertise and techniques (e.g. molecular systematics, modeling) but also to increase the overall funding available for entomological research. Such collaborations must encourage Ecuadorian entomologists to publish their results in international peer-reviewed and indexed journals, so that the greatest amount of reliable scientifi c information on the taxonomy, distribution, ecology and evolution of entomological fauna of Ecuador can be available. Th is will help to ensure that entomological knowledge participates in promoting the conservation and sustainable use of the highly threatened natural resources of Ecuador.
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